This paper studies the impact of major ECB monetary policy announcements on the portfolio allocation of euro area fund investors, using daily data between 2012 and mid-2016, a period that includes a variety of unconventional measures. We distinguish between active portfolio reallocation, driven by redemptions or injections of investors, and passive portfolio rebalancing, triggered by valuation effects related to changes in asset prices and exchange rates. We find that, for this class of fund investors, policy announcements work mainly through valuation effects (the signalling channel), rather than via active reallocation (the portfolio rebalancing channel). Notably, since the autumn of 2014, monetary policy shocks triggered large asset price and exchange rate effects and prompted a passive shift of euro area investors into riskier assets, in particular European and Emerging Market equity funds and out of bond funds. Central banks can affect investors' behaviour via several channels. One main channel can be referred to as the Signalling Channel. Changes in monetary policy stance usually affect expectations about future rates, that is the risk neutral components of interest rates. In frictionless finance models, central banks' actions provide new information to investors and affect the forward rates and bond prices, without affecting the positions that arbitrageurs hold in equilibrium and therefore they do not affect risk premia. As a consequence, the signalling channel should not have an impact on active reallocation (due to actual changes in portfolio shares), but should have an impact on passive reallocation (due to the effects on prices).
Introduction
Since the start of the global financial crisis in 2008, central banks around the world have stimulated the economies by aggressively cutting interest rates and implementing unconventional monetary policies. This paper studies the impact that ECB monetary policy surprises between 2012 and mid-2016 have on the portfolio allocation of euro area fund investors. Our main finding is that these investors are only indirectly affected by monetary policy actions via their impact on asset prices and exchange rates. We find only little evidence of investors actively reallocating their portfolios, following significant monetary policy announcements.
Most studies have analysed the transmission of monetary policy via the banking system and financial markets. We want to study whether there is a channel of transmission which goes through the asset allocation behaviour of institutional and retail investors. We look in particular into the class of investment fund investors. From an asset pricing perspective, monetary policy shocks affect investors' behaviour only insofar they affect the stochastic discount factor and therefore risk premia.
A formal analysis of the links between monetary policy and asset allocation would first try to assess how monetary policy shocks affect the statistical joint distribution of the returns of the portfolio asset classes and then derive its implication for the allocation. We bypass altogether the intermediate step of studying the statistical properties of the asset returns and look instead directly at the impact that monetary policy shocks have on allocations.
Central banks can affect investors behaviour via several channels. One main channel can be referred to as the Signalling Channel. Changes in monetary policy stance usually affect expectations about future rates, that is the risk neutral components of interest rates (see, for instance, Bauer and Rudebusch (2014) ). In frictionless finance models, central banks' actions provide new information to investors and affect the forward rates and bond prices, without affecting the positions that arbitrageurs hold in equilibrium and therefore they do not affect risk premia. As a consequence, the signalling channel should not have an impact on active reallocation (due to actual changes in portfolio shares), but should have an impact on passive reallocation (due to the effects on prices).
A second important channel, which typically goes under the name of Portfolio Balance Channel, works through the effect that monetary policy operations have on risk premia. For instance, according to preferred habitat models a la Vayanos and Vila (2009) and Greenwood and Vayanos (2014) , following surprises in purchases of long term Treasury bonds by the central bank, investors will be forced to hold smaller positions in long term bonds and bear less duration risk, which in turn will lead to a decrease in risk premia and an increase in bond prices. Therefore, monetary policy shocks ECB Working Paper No 2116 / December 2017associated with the portfolio balance channel should have an impact both on the active and on the passive reallocation of investors.
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In order to study the impact of ECB policies on the portfolio of euro area investors, we track the evolution of an aggregate portfolio of investment funds that are based in Luxembourg, the largest financial centre for the euro area investment fund industry which mainly attracts euro area investors. We study how investors, on aggregate, choose investment funds at the fund category level, e.g. bond funds versus equity funds, not the portfolio allocation of fund managers. To identify the relevance of the different channels of transmission, we construct measures of active portfolio reallocation, driven by the redemptions or injections of underlying investors, and of passive portfolio reallocation, triggered by valuation effects related to changes in asset prices and exchange rates, as proposed by Ahmed et al. (2016) and previous work. As common in the literature on the impact of central banks' monetary policy decisions, we identify the announcement effects of traditional and unconventional policies looking at the intraday change in key euro area interest rates around major events, such as ECB Governing Council meetings.
Our main findings show that the ECB monetary policy affected investment fund investors mainly via its impact on asset prices and exchange rates. The significant valuation effects associated with these price movements passively shifted the asset allocation of euro area investors towards riskier securities, like funds investing in European and Emerging Market equity, and away from European bond funds. These effects are more pronounced for unconventional measures, such as the Asset Purchase Programme (APP). Some active reallocation into emerging equity markets following ECB actions is observed for institutional investors. The lack of active reaction of retail investors is consistent with Calvet et al. (2009) and Ivkovi and Weisbenner (2009) who find little evidence of a disposition effect of past winners for mutual funds. Our findings are also consistent with the growing literature on rational inattention of informationally constrained investors (see for instance Gabaix and Laibson (2001) and Alvarez et al. (2012) ). If information is costly to acquire and process, it is optimal to alternate long periods of inaction with brief periods in which information is processed and portfolios are rebalanced.
The paper is structured as follows. In the next section we provide a review of the related literature. Section 3 presents the investment funds data and explains the construction of our measures of active and passive portfolio rebalancing. Furthermore, we introduce the identification strategy for the impact of ECB monetary policy announcements, with a particular focus on major unconven-tional measures. Section 4 describes the empirical methodology and summarizes our joint estimation approach. Section 5 discusses the main results and Section 6 presents further robustness checks and extensions of the main model. Finally, Section 7 concludes.
Related literature
Our paper is related to many studies about the impact of standard and non standard monetary policy measures. Borio and Zabai (2016) provide a review of the flourishing literature on this topic and introduce a useful taxonomy to distinguish balance sheet policies aimed at influencing financial conditions beyond the short-term rate, from forward guidance that manages expectations regarding the future path of policy rates and negative interest rate policy. Overall, they find ample evidence of a significant impact of these policies on financial conditions, but only tentative evidence regarding their impact on output and inflation.
The focus of our paper is more specifically on ECB policies and their immediate impact on financial markets and investors, rather than on their broader impact on the economy. It is therefore closer to studies such as Rogers et al. (2014) who show that ECB monetary policy surprises had a positive impact on stock markets, led to a compression in spreads between core and periphery euro area countries and an appreciation of the euro exchange rate, at least until 2014, the period covered by their study. During this first phase, the confidence channel was the predominant channel of transmission, as the ECB promoted financial stability and confidence in the integrity of the eurozone.
In addition, Fratzscher et al. (2016a) show that the ECB unconventional monetary polices between 2007 and 2012 had positive financial spill-overs to advanced economies and emerging markets and lowered credit risk among banks and sovereigns in the euro area and other G20 countries. The launch of a quantitative easing programme targeting public sector securities in January 2015, following the introduction of a negative deposit facility rate since mid-2014, characterises a second phase of ECB unconventional monetary policies, where the signalling and portfolio balance channel take the centre stage and the intended policy objective is the flattening of the yield curve. The early assessment of the APP is generally positive. The launch of the programme persistently reduced long-term sovereign bond yields (Andrade et al., 2016) and the related APP announcements had a price impact that generally increased with maturity and riskiness of assets, with significant spill-overs to non-targeted assets, such as corporate bonds (Altavilla et al., 2015) . The APP announcement had international spillovers, boosting equity prices around the world and causing a broad-based depreciation of the euro, but it did not lead to an increase in portfolios flows to emerging market economies (Georgiadis and Gräb, 2016) .
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Our paper is closely related to a relatively new strand of literature which uses investment funds data to study the impact of monetary policy on portfolio investment decisions, since these data are particularly useful to test the portfolio balance channel of unconventional monetary policies. It is important to note that, over time, the overall portfolio allocation of investment funds is influenced by the behaviour of two types of agents: (i) underlying investors -through injections in and redemptions from funds -and (ii) asset managers. Similarly to several other papers, we identify the changes in asset allocation driven only by underlying investors, not by asset managers, because flow data allow a cleaner identification of short-term shifts in asset allocation -since flows are available at a daily frequency, whereas detailed asset allocation data are only available at a monthly frequency.
Moreover, as noted by Raddatz and Schmukler (2012) , over the short-run managers usually allow shocks to returns to pass-through to country weights. i.e. those associated with an unexpected easing of monetary policy, lead to a rotation of the portfolio towards developed market equity by asset managers (Cenedese et al., 2015) or by underlying investors (Curcuru et al., 2015) . Similarly, Hau and Lai (2016) show that loose monetary policies in the euro area are associated with a shift out of money market funds towards equity. However, Banegas et al. (2016) and Kroencke et al. (2015) find the opposite result in the case of US Fed monetary policy shocks. Indeed, Fratzscher et al. (2016b) show that US Fed QE1 and QE2 had opposite effects on flows to US equity, suggesting that it is important to distinguish carefully the type of monetary shock. The evidence of spill-over of an expansionary domestic monetary policy to foreign securities is more coherent and convincing. Notably, with the exception of US Fed QE1 (Fratzscher et al., 2016b) , monetary policy easing by the Fed prompts a rebalancing of portfolio towards non-US equity (Cenedese et al. (2015) , Fratzscher et al. (2016b) and Kroencke et al. (2015) ). Similarly, unconventional ECB monetary policies -until 2012 -led to larger flows to emerging market bond and equity funds and developed market bond funds (Fratzscher et al., 2016a) .
Papers that include more detailed information regarding the asset allocation of specific investors -such as Joyce et al. (2014) for UK-based institutional investors or Bua and Dunne (2017) for Irish investment funds -find evidence of rebalancing from government bonds -those targeted by the Bank of England or ECB operations -towards corporate bonds or closer substitutes, such as foreign government bonds. In particular, Bua and Dunne (2017) stress that the portfolio balance channel of the ECBs public sector asset purchase programme operated through purchases of foreign assets, in particular by funds not holding euro area government bonds and not directly exposed to the ECB APP. At the same time, Koijen et al. (2016) and the report by the Bundesbank (2017) confirm the important role of foreign investors as the main counterpart of ECB APP operations.
Finally, since we distinguish active rebalancing by fund investors from passive return effects, the results in our paper can be related to the ample literature on the behaviour of individual investors chasing returns or selling past winners, surveyed by Barber and Odean (2013) and, in particular as regards fund investors, by Levy and Lieberman (2015) .
Our paper contributes to this literature in several different ways. First, it is the only study zooming in on ECB policies and portfolio decisions of euro area investors, together with Fratzscher et al. (2016a) . Compared to the latter study, which covers ECB policies until 2012, we extend the sample to mid-2016, including in particular the Asset Purchase Programme. In addition, we construct our measures of ECB monetary policy surprises, based on the impact of announcements on euro area short-term and long-term interest rates. Similarly to the most recent studies using investment funds data, we analyse proper portfolio shifts, not just flows, through the measure of active reallocation. Compared to the other studies, to our knowledge, this is the first paper using daily data to identify the contribution of each component -active versus passive -to the total reallocation of a broad portfolio, in particular highlighting the contribution of a proxy of the passive exchange rate component against the passive return effect.
The next two sections explain our identification of monetary policy surprises and the construction of active and passive reallocation measures, respectively.
Data
This section presents the investment fund data and explains the construction of our portfolio of euro area investors. In particular, it introduces the concepts of active and passive reallocation that shall be used throughout the rest of the paper as main dependent variables. We also explain how monetary policy shocks are identified.
Investment funds data
Our sample is daily and runs from 1 January 2012 to 30 June 2016. We downloaded data for investment funds based in Luxembourg from the EPFR database. This dataset has been extensively used in the recent literature on the impact of monetary policy (cf. previous section), but it has also been used to study the impact of funding shocks on emerging markets asset prices (Jotikasthira et al., 2012) and to analyse capital flows to emerging markets (Fratzscher, 2012) .
ECB Working Paper No 2116 / December 2017 8 Change in real interest rates across EA countries Loose monetary policy associated with an increase in inflows by underlying investors into equity and outflows from money market funds Kroencke et al. (2015) EPFR fund flows, USbased funds, weekly (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) Weekly changes in US 2-year and 10-year Treasury yields Fed easing associated with reallocation by underlying investors to non-US assets. Yield curve flattening associated with a shift out of equities and into US bonds Joyce et al. (2014) Micro dataset of UKbased institutional investors, quarterly (1985 UKbased institutional investors, quarterly ( -2012 Funds are classified in the EPFR database according to their main mandate by asset classequities or bonds -in a specific geographic area -Western Europe (WE), US and Asia Pacific including Japan (USAPJ), Global (GLOB) or Emerging Markets (EM). 2 We use this classification to create eight different fund categories that are the main components of our aggregate portfolio.
We fix our fund universe as of the 1st of January 2012 in order to eliminate any entry bias in our sample and we control for the possible exit of funds through internal consistency checks.
3 Table 2 shows the Total Net Assets (TNA) under management in each of the eight categories of funds. The coverage of the whole universe of Luxembourg-based funds is significant. On average between 2012
and mid-2016, total net assets of Luxembourg-based funds amounted to EUR 554 billion in our dataset; this corresponds to 27% of the total universe of equity and bond funds, as reported by the ECB (almost EUR 2.1 trillion). The EPFR coverage is higher for equity funds (36%) than for bond funds (19%). The lower coverage for bond funds is a disadvantage in our case, as we could miss the activity of the funds that were most affected by ECB APP purchases. Moreover, the EPFR dataset does not provide a breakdown for funds investing only in the euro area. However, the available aggregation allows to study fund flows at a daily frequency, a distinct advantage compared to several other studies using fund data, since it allows a clean identification of the monetary policy shock and its impact. 3 Funds might drop out of the sample and create a structural break in our series on a daily basis. Following Kroencke et al. (2015) , it is possible to reconstruct an internally consistent series of TNA and identify these potential structural breaks. We find major inconsistencies -larger than 1% of fund category TNA -for 52 fund category-day combinations out of 9,328 and include a dummy variable in our regressions to control for these breaks. Moreover, we double check the results with a different sample, fixing the universe as of the 1st of January 2014.
The coverage by EPFR of investment funds domiciled in other euro area countries is increasing over time, but still relatively low, and this led to the decision to focus on Luxembourg-based funds.
This decision, however, is not only driven by data availability but also justified by the fact that Luxembourg is the most important financial centre for the euro area investment fund industry. This is a large industry with EUR 10.6 trillion assets under management (AuM) for equity and bond funds (including funds of funds and excluding money market funds) as of the second quarter of 2016, of which around one third, EUR 3.7 trillion are located in Luxembourg.
5 Crucially, euro area investors account for the bulk of cross-border equity investment in Luxembourg, 75% of the total stock of derived Luxembourg equity liabilities according to the IMF CPIS dataset. 6 Therefore, we may claim that Luxembourg-based funds are broadly representative of an average euro area investor.
7
EPFR provides daily data on returns (R i,t ), the Total Net Assets (A i,t ), and flows (f i,t ) into a certain category of funds (i ), e.g. Luxembourg-based funds investing in Western European equities (see upper panel of Table 4 for summary statistics). The original data are collected in the currency denomination of the fund and transformed by EPFR into US dollars. Therefore, the dataset includes an additional term (f x i,t ) to account for changes in the valuation of non-US dollar denominated fund shares. Flows are derived from the changes in a fund's Total Net Assets and the daily returns at the level of fund shares. Flows, assets and returns are then aggregated into the eight broad categories, which form our portfolio. Flows and assets are summed up across all funds in a given category, whereas the aggregate return for the asset class i (R i,t ) is the weighted average of the returns of each single fund in that category, where the weights are the assets of each fund divided by Total Net Assets in category i.
Applying the same methodology as EPFR, we convert our portfolio into euros, using the endof-day exchange rates from Datastream 8 (Ticker: USEURSP) for Total Net Assets A i,t and the is 49% of the total TNA of the flow dataset, which we use for the remainder of our analysis. However, coverage is generally lower for bonds than for equities and, e.g. coverage of the TNA of Global funds from the flow dataset is in the single digits in the allocation dataset. The category USAPJ is entirely missing from the allocation dataset. We aggregate funds with suitable mandates from Thomson Reuters Lipper for IM (e.g. United States, ASEAN, Korea, Japan) in order to extrapolate the country holdings for this category. For the totals we multiply the percentages from the country/currency allocation table with the TNA of the EPFR flow dataset. 5 The industry is highly concentrated in a few countries of the euro area. The four largest domiciles by assets under management (Luxembourg, Germany, Ireland and France) account for more than 80% of total AuM between 2010 and mid-2016.
average exchange rate between the two days for flows (f i,t ), obtaining a valuation adjustment term in euro, f x i,t 9 , which accounts for the currency impact of fund shares denominated in a currency different from the euro. It is important to note that this term does not reflect the actual exchange rate exposure of the funds, whose impact is included in the return (R i,t ) if the fund has a foreign (non-euro) currency exposure, but it is denominated in euro. A simple example may clarify this point. In general, funds domiciled in Luxembourg with a mandate to invest only in US stocks may be denominated in US dollar -usually to target global investors, or in euro -to appeal to euro area investors. Assume that the daily return of the US stock market is equal to zero, but the dollar appreciates by 1% against the euro. In our dataset, the USD-denominated fund will correctly report a flat daily return and an increase in valuation by 1% in the exchange rate term. Nevertheless, the EUR-denominated fund will report a daily return by 1%, driven by the valuation effect, and a zero contribution by our fx term. Therefore, the closer the denomination of funds to the actual currency exposure, the better our fx term will capture the true valuation effect related to exchange rate movements. Fortunately, comparing the middle and lower panel of Table 4 , it is possible to note a relatively broad correspondence between the currency denomination of funds and their country allocation in particular for WE and USAPJ equity and bond funds, and partly also for GLOB bond funds. Moreover, in the case of EM bond funds, the country asset allocation does not reflect the currency exposure, as this market segment is dominated by US dollar issuance and, only recently, domestic currency issuance started to take place. Therefore, also for this asset class the currency denomination of funds may offer a good indication of the direction of exchange-related valuation effects in our broad portfolio.
Measures of active and passive reallocation
For our empirical exercise we take as a starting point the euro-based portfolio weight of fund category i (we look at N = 8 fund categories) at time t:
where A i,t denotes the amount of assets under management in euro for all funds of category i at time t. This measure enables us to answer the following question: how do unexpected changes in the monetary policy of the ECB affect the global investment portfolio of fund investors in Luxembourg?
event windows. See also https://financial.thomsonreuters.com/content/dam/openweb/documents/pdf/financial/ wm-reuters-methodology.pdf 9 If there are inconsistencies in the data reported by EPFR, e.g. a drop in overall AuM due to a fund dropping out of the sample, this will also be asorbed by f x i,t .
The sum of the end-of-day portfolio weights is 1 at any point in time. However, a change in the portfolio weight ∆w i,t = w i,t − w i,t−1 can be due to valuation effects (passive rebalancing) or inflows/outflows (active reallocation). Figure 1 illustrates these terms, which we use throughout the paper.
What matters for portfolio weights are the changes in category i relative to the other fund categories. This is why focusing exclusively on fund flows will only reveal a partial answer to our question regarding active reallocation: for example there might be simultaneous outflows from all fund categories without an effect on the individual portfolio weights.
10 At the same time, there might be positive returns in all asset classes; however, the weight of the asset class with the highest return will increase at the expense of the weight of the asset class with the lowest return. We extend the measures proposed by Grinblatt et al. (1995) and Curcuru et al. (2011) , incorporating the FX term from the EPFR dataset. These measures are based on the following identity:
Total Net Assets A i,t of fund category i at the end of period t, can be expressed as the combination of the assets at the end of the previous period A i,t−1 multiplied by the gross returns over this period R i,t = 1 + r i,t , inflows/redemptions by investors f i,t , and currency valuation effects f x i,t due to changes in the value of the denomination currency of fund shares vis-à-vis the reporting currency.
10 This would happen if some investors convert fund shares in cash proportional to their ex-ante portfolio weights.
In our final dataset all these measures are in euro terms, including the FX effect of the currency denomination of the funds, as explained in Section 3.1.
Our goal is a decomposition of the changes in the portfolio weights due to passive reallocation (driven by changes in returns and exchange rates) and active reallocation (due to new inflows and outflows of funds). We take as a starting point the decomposition of Ahmed et al. (2016) , which we extend accounting for an additional FX term that captures passive changes in the portfolio due to exchange rate movements.
∆Portfolio Share = ∆Passive reallocation (returns) + ∆Passive reallocation (FX) + ∆Active reallocation (flows).
According to this decomposition, it is possible to isolate the change in the portfolio that is simply driven by differential changes in asset prices across the different categories in our portfolio. In particular, to obtain the passive realloaction due to differential returns, one should compare the new portfolio weight of category i abstracting from flows and FX effects with the portfolio weight from the previous period:
where R i,t denotes the returns of the portofolio between period t − 1 and period t and the portfolio return is computed as R P,t = N j=1 w j,t−1 · R j,t . In a similar fashion, one can compute the passive change in the weight of fund shares denominated in a currency different from the euro that is triggered by exchange rate changes:
Here we use the FX return R
Ai,t and the average FX return across all fund categories R f P,t = N j=1 w j,t−1 · R f j,t . As in Ahmed et al. (2016) the active reallocation, the part of the decom-position that is driven by inflows and outflows of investors, can be computed as the part of the shift in portfolio weights not due to returns or FX effects.
But one can also show the equivalence to:
This captures the active reallocation component of the underlying fund flows f i,t that induces an actual change in the asset allocation. Active changes in the portfolio weight of a certain fund category should be able to capture quite well the intentions of investors to increase the exposure towards this specific asset class and geographic focus.
The value of this measure will be 0 both in the absence of flows, and in the case of inflows/redemptions that affect every fund category in the same manner. It is measured on the same scale as the portfolio weight w i,t which is strictly between 0 and 1. However, for the purpose of our empirical analysis we multiply it by 100 to capture the active reallocation in percentage points based on portfolio weights between 0% and 100% of the total portfolio.
Finally, we want to stress again two important properties of our reallocation measures that are both implied by the fact that we provide a decomposition of portfolio shifts. First, across the N = 8 fund categories all reallocation measures mechanically sum up to 0. We exploit this in our estimation approach, by imposing an additional restriction on the fitted values. Second, the sum of the active reallocation measure and the two passive reallocation measures will indicate the total reallocation, i.e. the total shift in portfolio weights between period t − 1 and period t. to note that on a daily basis the volatility of these measures is very low, ranging from 0.02 percentage points for the active reallocation measure to around 0.1 percentage points for the total reallocation measure. This is not surprising and consistent with the findings of Bacchetta and van Wincoop (2017) who suggest that portfolio decisions are "infrequent" (at most once in 15 months). Therefore, aggregating all investors, the adjustment of the total portfolio can only be at the margin. The interesting question we tackle in this paper is whether ECB monetary policy announcements drive this marginal adjustments for euro area investors, similarly to one of the main findings of Ahmed (2016) showing that active reallocations into emerging market equities by US investors, at a low frequency, appear to be mainly driven by the level of US long-term interest rates.
ECB Unconventional Monetary Policies and Identification Strategy
Our sample period starts at the beginning of 2012 and ends in June 2016. Our focus is on the second phase of unconventional measures that were implemented by the ECB, targeting in particular the European sovereign debt market, including the OMT programme and the APP programme.
Monetary policy surprises are calculated using an approach similar to Rogers et al. (2014) . The surprises (∆i 
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We extract changes in the weekly, the monthly and the 3-month EONIA OIS and average them to obtain our monetary policy surprise to euro area short-term rates. However, as regards long-term rates, the choice of the benchmark for the euro area is not straightforward. One candidate could be the Bund-yield, but, as noted by Rogers et al. (2014) , price changes in Bund prices may be driven by safe-haven motives, in particular at the peak of the euro area crisis in 2012, rather than by changes in the expected future path of long-term interest rates. A positive surprise that removes uncertainty in the market and reduces risk premia would lead to an increase in equity market valuations, but it might lead to a decrease in Bund prices, since holdings of safe haven asset become less attractive.
At the same time, if the markets were expecting more expansionary measures than those that were announced during during a particular ECB announcement -a negative surprise -Bund yields could decrease on the back of higher demand for safe haven assets. Therefore, in order to identify a positive surprise, i.e. a loosening of the monetary policy, we use the inverse of the average change in the 10-year sovereign bond yields of Germany, Italy and Spain, so that a decline in the average yield would correspond to a monetary policy easing. This approach bears some similarities to Rogers et al. (2014) who use the spread between German and Italian bonds for the identification of monetary policy surprises in the euro area. Our approach has the advantage that we would identify both a decrease in sovereign risk through a tightening of the spreads and a simultaneous decrease in all three rates as a positive monetary policy surprise, for instance an easing announcement such as the launch of the APP that shifted the yield curve downward. At the same time by relying on three instruments we can decrease the amount of noise in the small surprises, since we will only identify a clear positive surprise related to the portfolio balance channel if all three rates move in the same direction. The interpretation is straightforward. All coefficients can be interpreted as if we would look at the yield change in percentage points of just one instrument.
The choice of the 10-year maturity in order to capture changes in the long end of the yield curve is standard in the literature. 13 For the German Bund yields the 10-year and 5-year maturities have historically been the most liquid segments. 14 A high level of liquidity ensures a timely response of prices to new market developments.
Figure 2 plots our surprises to euro area short-term rates (left panel) and long-term rates (right panel). It is evident that the size and volatility of shocks to short-term rates is much lower than that of long-term rates. Interestingly, even though the ECB policy rate rates approach the lower bound in September 2014, when the main refinancing rate is cut from 0.15% to 0.05%, it is still possible to identify significant shocks to the euro short-term rates after that date. Similarly, the volatility of surprise shocks to average euro area long-term rates does not seem to be affected by announcement of the APP. Table 3 reports summary statistics for the largest shocks to euro area short-term rates and longterm rates around ECB announcements. For short-term rates, we find the large surprises concentrated around important rate cuts and announcements of measures targeted towards the euro area banking sector. As regards long-term rates, our surprises capture quite well the effects of the most important unconventional policy measures by the European Central Bank between 2012 and mid-2016. We 13 See for example Rogers et al. (2014) , Curcuru et al. (2015) and Fratzscher et al. (2016a) . 14 See Figure 1 of Ejsing and Sihvonen (2009) for a graph of the daily trading volumes (EUR billion) as a function of time-to-maturity (years) We expect the level of the trading to have changed over time but not the overall pattern of liquidity with respect to the term structure.
find large positive surprises around the announcement of the Asset Purchases Program, around the announcement in July 2013 that interest rates would "remain at present or lower levels for an extended period of time" (forward guidance) and around the famous "Whatever it takes"-speech by the President of the ECB, Mario Draghi in July 2012 (cf. Interestingly, the "Whatever it takes"-speech by the President of the ECB is associated with the largest positive surprise to average euro area long-term rates, but with a marginal negative surprise (i.e. a rise) in short-term rates. This stresses the importance to keep a distinction between the identification of the impact of ECB announcements through short-term and long-term rates. Indeed, September 2014), the correlation between the Bund and the other sovereign yields is negative and between the Bund and euro area short-term rates remarkably low. This means there were different channels at work during the early part of our sample and many of the efforts of monetary policy were concentrated on restoring the confidence of Euro area investors.
While a classification of surprises is relatively straightforward for the larger surprises (cf. Table 3) it is hard to uniquely assign our whole universe of 63 surprises to a certain set of policies. We do split the sample around the period when markets started to expect a major balance sheet expansion by the ECB through purchases of public sector bonds -September 2014 -in order to distinguish the impact of the ECB APP from the set of conventional and unconventional measures that had been adopted between 2012 and mid-2014.
Empirical Methodology
Our goal is to assess the effect of euro area monetary policy surprises on the reallocation measures defined in section 3.2: total reallocation (∆w i,t ) across asset classes (i=1,2, ..., 8), active reallocation, passive reallocation through returns, passive reallocation through FX effects on the fund share level.
Moreover, we look also at a simple measure of fund flows in percent of TNA (100 · f i,t /A i,t ). Our baseline regression approach is captured by the following equation:
where the impact of our monetary policy surprises is captured by the vector θ estimated for each combination of: (i) reallocation measure and (ii) asset class. However, by definition, our reallocation measures are constructed in a way that they sum up to 0 across categories. We exploit this feature in our approach by imposing an additional constraint on the fitted values and estimate a joint regression across asset classes for each dependent variable, i.e. active or passive reallocation measures. The econometric approach of our joint regression specification is outlined in Appendix A.1.
In our main specification, we look at the effect of monetary policy surprises over a one-week horizon, to allow for a lagged reaction of fund investors to news. For the one-week horizon we report active reallocation and total reallocation are ultimately driven by (unsophisticated) investors, which are slower at incorporating new information.
A second specification looks at the contemporaneous effects of monetary policy, testing whether the contemporaneous coefficient θ i0 is statistically significant, excluding the lags 1 − 4 from our estimation equation. In this case, we are mainly concerned about the passive return and FX effects that are driven by the reaction of asset prices, which are forward-looking and embed immediately the new information. Therefore, the contemporaneous effect of our surprises is the relevant one for these measures.
The main specification includes lagged dependent variables, and a number of control variables, whose impact is captured by the coefficient matrix γ. In order to control for additional pull and push factors that may influence investors' decisions, we include the change in the CITI Economic surprise index for the euro area (lagged) and the relevant one(s) for the respective geographic focus of the funds (contemporaneous and lagged): G10 economies and emerging markets. This index tracks on a daily basis to what extent actual economic releases 15 have been beating consensus forecasts. Finally, we include a dummy that differs from 0 for days with inconsistent data in the reports from EPFR.
We present our main results in Tables 5-6 . Each line reports the relevant coefficients associated with the impact of a monetary policy surprise based on a joint regression for each the dependent variable.
Control variables and summary statistics 4.2. Benchmark regressions
We compare our results on passive reallocation measures with the daily change in several benchmark indices and the euro-dollar exchange rate as dependent variables. This ensures that our results for passive rebalancing through returns and exchange rate effects properly reflect price or exchange rate adjustments (keeping in mind that a simultaneous increase in market values across categories does not necessarily lead to passive reallocation -it is the differential effect across categories that matters). For the benchmark indices we obtain daily returns from Thomson Reuters Datastream.
We use broad stock indices and bond benchmarks that include both government and corporate debt.
All indices are computed in USD except the Pan-European Aggregate Bond Index and the S&P 350
Europe Index, which we use as a benchmark for bond funds focused on Western Europe. We convert the returns of the US-dollar based indices to euro. Table 4 also shows summary statistics for these variables.
15 These releases include monetary policy decisions by the respective central banks. 
Main Results
We provide results for two different types of monetary policy shocks, one to euro area short-term rates and one to euro area long-term rates, in two separate tables, Table 5 and Table 6 , respectively.
We also split our sample period. In each table, we first report the results for our entire sample As discussed, we present the results for the main specification with 4 lags of our dependent variable to allow for a delayed response of investors to monetary policy news. However, we check the 16 The results of this analysis are not shown for reasons of space and available from the authors upon request results also with only the contemporaneous impact of the monetary policy surprise (see Table B .10 and B.11 in the Appendix) and with 2 lags. 17 .
The interpretation of the effects of our surprises are straightforward as all variables have the same unit of measurement. For instance, a typical large positive monetary policy surprises, say a two standard deviation shock -is characterised by a decline in euro area short-term rates by 3-4 basis points and in average euro area long-term yields by 10 basis points (see Table 3 ). In turn, the impact of a large shock to average euro area long-term yields -a decline by 10 basis points -would lead to an increase in the portfolio weight of Emerging Market equity by 0.13 percentage points over one week, on the back of an active reallocation by 0.01 percentage points and, in particular, a passive reallocation due to the FX effect, almost 0.11 percentage points, as the euro depreciates by around 1.2%, boosting the weight of funds that are not denominated in euro (see fifth column of Table 6a ).
Results with surprises to euro area short-term rates
We start by analysing the impact of shocks to the euro area short-term rates following important ECB monetary policy announcements. As shown in Section 3, our sample period is characterised by relatively stable policy rates -the main refinancing rate of the ECB gradually declined from 1% to 0% -and relatively subdued policy surprises identified through changes in euro area short-term rates.
Tables 5 shows the results of the impact of these monetary policy surprises on our portfolio of euro area investors. Generally, it is difficult to identify a statistically significant effect of these surprises on flows and the active reallocation to specific asset classes. Investors seem to reduce the weight of equity funds dedicated to non-euro area developed economies following positive surprises identified through short-term rates, as the active reallocation coefficient is negative and statistically significant (see first row of Table 5a ). However, the result does not appear to be particularly robust across different time periods (see Table 5b and 5c), using a different lag structure of the main specification However, Tables 5a-5c show that ECB monetary policy announcements lead to sharp exchange rate and price fluctuations that in turn generate significant passive shifts in the portfolio of euro area 17 The latter set of results is available from the authors upon request investors. The impact on exchange rates is significant. An unexpected large easing -say a decline in euro area short-term rates by 3 to 4 basis points -leads to a depreciation of the euro against the US dollar by around 1% in one week (by 0.6% on the day of the announcement, as shown in Table B .10 in the appendix).
18 Interestingly, the impact is much larger in the second phase of ECB unconventional monetary policies, those that were associated with the announcement of purchases of euro area government securities. The absolute value of the impact of a large positive surprise on the exchange rate over one week (on the same day) increases from 0.6% (0.3%) in the sample until mid-2014 to 2.3% (1.4%) in the period starting from September 2014.
19 As a result, a positive monetary policy surprise triggers on average a passive reallocation out of European equity funds (−0.08 percentage points) and bond funds (−0.04 percentage points), which are largely denominated in euro, and positive shift in the weight of USAPJ and EM asset classes that include relatively small share of euro-denominated funds (see Table 2 ). During the APP-period, the passive FX reallocation out of European equity funds peaks at 0.16 percentage points, a significant shift corresponding to 3 standard deviations of the daily distribution of this series.
Asset prices also react dramatically to ECB announcements. In particular, bond prices of extraEuropean bonds rise by around 1.1% (0.7%) over one week (day) following a positive surprise. Even though not statistically significant, the impact on other asset prices is also positive and, as a result, there is not a clear trend in the passive reallocation driven by returns. Moreover, splitting the sample, it is evident that, again, the announcement of the launch of the APP-programme was associated with much sharper asset price fluctuations compared to the previous period. Notably, European equity markets rise by 3.4% (1.9%) over one week (day) and extra European equity markets by around 2.2-2.5% following positive surprises since the autumn of 2014 (last row of Table 5c ). Bond prices also rise by around 2% outside Europe and by 0.5% in Europe. Eventually, in this second phase of ECB unconventional policies, these relative changes in asset prices lead to a passive shift in the portfolio allocation towards European equity funds, increasing their weight by 0.30 (0.14) percentage points over one week (day). This shift is large and offsets the negative passive FX effect driven by the euro depreciation and, all together, results in a total reallocation of the portfolio of euro area investors into European equity funds at the expenses of European bond funds, whose weight is affected by the combination of a negative FX effect and a negative return effect (relative to other asset classes) since the autumn of 2014. Tables 6a-6c show the results for the monetary policy surprise identified through the change in average euro area long-term interest rates. As in the previous identification, we find only scant evidence of active reallocation towards specific asset categories. A surprise loosening of monetary policy leads to an active reallocation to Emerging Market equity funds across the whole sample (Table 6a , first row), in turn driven by a positive impact in the first part of our sample until mid-2014. In particular, in this first period, the active reallocation towards Emerging Market equity funds comes at the expenses of a rebalancing out of European bond funds. The last row of panel (b) shows that emerging stock markets had the strongest positive price reaction to a monetary policy surprises, even though not statistically significant, whereas European bonds display the weakest performance.
Results with surprises to euro area 10-year yields
This provides some support to the body of evidence suggesting that inflows into investment funds are positively correlated to their return performance (see (Levy and Lieberman, 2015) ). However, even for statistically significant coefficients, the size of impact on the active reallocation measure of a large shock -say, by 10 basis points -to average euro area long-term rates is relatively smallgenerally, close to one standard deviation of the distribution -and these results are not robust to the use of a different lag structure. Flows into EM equity funds are also statistically significant following an unexpected ECB monetary easing, amounting 0.08% of their TNA, corresponding to around EUR 90 million over one week. However, these numbers are not particularly large when compared to the historical volatility of the series (see Table B .9 in the Appendix), confirming one of the main findings of Fratzscher et al. (2016a) regarding the impact of ECB policies between 2007 and 2012. Finally, we may note that the negative flows into European bond funds in the first phase of ECB policies until mid-2104 turn positive after September 2014. In this latter period, the impact of a large positive surprise to long-term yields is associated with an inflow into European bond funds corresponding to 0.2% of TNA, which however does not translate into a significant active shift in the portfolio.
Overall, matching these results with the impact of shocks identified through short-term rates, we may conclude that the portfolio balance channel of ECB unconventional policies is substantially muted according to our evidence.
Again, ECB monetary policy surprises identified through changes in long-term yields are associated with fluctuations in asset prices and exchange rates, which trigger a passive reallocation of the portfolio of euro area investors (Table 6a) . Differently from the previous identification through short-term rates, though, the reaction in asset prices is mainly visible in the second part of our sample (Table 6c) , not in the period up to August 2014 (Table 6b ). This suggests that long-term yields may be a good proxy of the impact of balance sheet unconventional monetary policies targeting public debt, but not necessarily of those polices working through forward guidance on short-term ECB Working Paper No 2116 / December 2017 rates through the expectations hypothesis. Focusing on the impact of a large positive surprise -say a decline in long-term yields by 10 basis points -in the APP-period, we find that the response of exchange rates and asset markets in Table 6c are of a similar magnitude compared to the previous identification (Table 5c ). In particular, the euro depreciates by 2.6% (1.6%) against the US dollar in one week (day). European equity markets display the strongest performance +4.1% (1.9%) over one week (day), followed by extra-European equity markets, in particular Emerging Markets (+3.8%
in one week). Bond markets outside Europe also react positively to ECB announcements, rising by almost 3% (1.8%) over one week (day). European bond markets, again, are those showing the weakest positive performance (+0.6% in one week). As a result the passive reallocation effects are largely similar to the previous results. The FX effect leads to a reduction in the weight of European equity and bond funds as the euro depreciates. Nevertheless, the weight of European equity funds benefit from a strong offsetting passive return effect (+0.34 percentage points in one week), which is instead negative for European bond funds, as well as other bond categories. Eventually, summing up all components, ECB announcements lead to a passive reallocation into European and Emerging
Market equity and out of bond funds, in particular European bonds.
Robustness
We provide a series of robustness checks to our results, distinguishing between the effects of large and small surprises, positive versus negative shocks and controlling that our results are not driven by the particular choice of the universe of funds, drawing a new (and more comprehensive) sample of funds starting from the beginning of 2014. Finally, we study the long-term impact on portfolio weights. In our robustness checks, we focus on the second phase of ECB policies since the autumn of 2014, where our study finds evidence of significant shifts in asset allocation due to price and exchange rate effects.
Categorizing monetary policy surprises
To assess whether our results are mostly driven by large shocks to prices and yields, we classify the monetary surprises using an exponentially weighted moving average (EWMA) volatility model based on daily trading between 13:30 and 14:30 Frankfurt time. 20 Surprises that exceed 4.5|σ H,t | are 20 For the EWMA model we use weights that are corrected for a finite observation window (Pesaran, 2015) , and initialize our model with data from 2011. Denoting by H the length of the backward-looking observation window, we can compute the volatility at time t as:
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classified as tail events. In our empirical specification we distinguish between two types of shocks:
tail events and small surprises. We estimate two separate vectors, θ normal and θ tail , for each type of shock by multiplying our monetary policy surprises with a dummy that equals one for tail surprises.
We use the regression specification outlined in section 4. Table 7 reports the results of this robustness test. In general, the direction of the impact of normal shocks is usually similar to that of tail shocks. However, the main qualitative and quantitative results of the previous section are clearly driven by tail shocks. In particular, the passive FX effect out of European equity and bond funds and the positive return effect into European equity funds and out of bond funds are statistically significant when isolating tail shocks. The size of the impact of tail shocks, moreover, is very similar to those estimated across the whole sample of shocks. Therefore, unsurprisingly, we may conclude that only major ECB announcements lead to significant shifts in the portfolio of euro area investors.
Moreover, we split our announcements into positive and negative monetary policy surprises.
Overall, we find that the effects of positive and negative surprises do not seem to differ (see Table B .12 in the Appendix).
Our sample starts in 2012 and covers almost 30% of the universe of Luxembourg-based funds. The coverage of funds by EPFR increases through time and we wonder whether our results are affected by the particular universe of funds. For this reason, we drew a new sample of Luxembourg-based funds starting from 2014 and checked whether the main results for the APP-period continue to hold. Table B .13 in the Appendix show that the results across the two universes of funds are substantially similar with only minor differences regarding the statistical significance of a few coefficients.
Retail vs. institutional investors
In Tables B.14 Table B .15). This suggests that institutional investors follow active portfolio strategies more often than unsophisticated retail investors, who instead prefer a buy-and-hold strategy.
The return rt is a daily time series of one-hour changes in (median) bid yields and (median) bid prices between 13:30 and 14:30 Frankfurt time, which we assume to be centered around 0. We use a decay factor of λ = 0.97 (slow decay, more weight on past observations) and select subsets of our data such that H = 200 in terms of trading days. Note: For coefficients the stars indicate the p-Value of an F-Test of the sum of the contemporaneous effect of the monetary policy surprise and lags 1 to 4 (* implies p < 0.1, ** implies p < 0.05, *** implies p < 0.01).
Impulse responses
To shed some light on the dynamics of the adjustment in the the overall portfolio we estimate the effect of a MP surprise during the two weeks following the announcement. We compute the impulse responses to a monetary policy shock using Local Projection Methods (Jordà, 2005) . The exercise bears some similarities to the work by Swanson (2017) who looks at the longer run impact of FW guidance and asset purchases by the Fed.
We use the following baseline specification for the estimation of impulse responses:
We estimate this equation separately for i = 1, . . . , I; h = 0, ..., H. The dependent variables are cumulative sums of the reallocation measures. We use a parsimonious regression setup and look at the effects over a two-week horizon (H = 9). In this specificiation we include no controls c i,t−l apart from a dummy that controls for the effect of inconsistencies in EPFR data on some dates. Portfolio weights are highly persistent. Each h-step ahead forecast is computed in a separate regression. We use Newey-West estimators for the standard errors of our regression coefficents. Figure 3 shows impulse responses with respect to a surprise change in euro area 10-year yields for the period after September 2014. Again we find a reallocation towards equity, in particular of Emerging Markets, and out of European and Global bonds, with differences that persist over a two-week horizon.
Conclusion
We study the impact of major ECB monetary policy announcements on a portfolio of Luxembourgbased investment funds, broadly representative of euro-area investors, daily, between 2012 and mid-2016. This period includes a variety of different unconventional measures. In order to provide evidence on the different channels of these unconventional policies, we distinguish between active portfolio reallocation, driven by the redemptions or injections by investors, and passive portfolio rebalancing, triggered by valuation effects related to changes in asset prices and exchange rates.
We find that the portfolio balance channel of ECB policies is generally muted. There is only scant evidence of active reallocation by investors into specific asset classes, which is not robust to different specifications of the model, different sample periods or the identification of the monetary policy shock. However, the asset price impact and exchange rate impact of ECB announcements are large, in particular in the APP-period starting from September 2014, leading to significant shifts in the total portfolio of euro area investors. As the exchange rate of the euro significantly depreciates following positive ECB monetary policy surprises, the portfolio of euro area investors passively shifts ECB Working Paper No 2116 / December 2017 towards extra-European funds. This result is robust to different sample periods and identifications of shocks. The asset price impact may change over time, but it is very large following the announcement of the APP by the ECB, benefiting in particular European equity markets, but with important positive spillovers to other -extra-European -equity and bond markets. As a results of these asset price changes, the portfolio of euro area investors passively shifts towards riskier assets, in particular European and Emerging Markets equity funds, and out of bond funds.
Overall our empirical findings provide robust evidence that fund investors are affected by monetary policy mainly through the impact it has on asset prices by changing expectations of future interest rates (the signalling channel). We find little evidence of retail and institutional fund investors being exposed to the portfolio balance channel, whereby monetary policy operates by changing risk premia and inducing active portfolio reallocation. Since our main element of analysis is fund investor behaviour, including unsophisticated retail investors, our findings are not necessarily in contradiction with the theories behind the portfolio rebalancing channel, since these theories operate through arbitrageurs who can be thought of as relatively sophisticated investors. Our empirical evidence is also consistent with the empirical evidence on the behaviour of investors in mutual funds, who are generally reluctant to sell past winners, and the growing literature on rational inattention, predicting that unsophisticated investors adjust their portfolios only rarely.
we can rewrite the equation based on the vector ∆w i = (w i,1 , . . . , w i,T ):
where the matrix X i contains all values of the (lagged) regressors from the vectors ∆i EA , ∆w i and the matrix c i . We have I = 8 fund categories and δ i consists of coefficients for K − 1 regressors and a constant. There are t = 1, . . . , T time periods. In order to jointly estimate all portfolio shares of the i = 1, . . . , 8 fund categories we can rewrite, ∆w = (∆w 1 , . . . , ∆w I ) = Xβ + ε by stacking the equations using a block diagonal matrix X of dimension IT × IK:
The first part of our approach equals a SURE (seemingly unrelated regressions) approach, where one would jointly estimate ∆w = Xβ + ε by OLS -or if certain conditions were to hold with respect to the error terms by (F)GLS. A joint estimation approach also enables us to correct standard errors for correlation in the error terms across fund categories.
Introducing the Summing-up restriction
In order to exploit that, across our I = 8 fund categories, total reallocation sums to zero (s = 0)
-while portfolio weights sum to one (s = 1), we can rewrite the total reallocation into a certain fund category as minus the sum of the total reallocation into the other fund categories (we subtract their sum from s):
where i i,t is simply a vector of length IT containing (T − 1)I + T zeros and I − 1 ones, which extracts the appropriate coefficents from the vector ∆w. 21 Hence for the vector ∆w i , which contains the full time series of total reallocation towards the fund category i, we can now write:
where the T × IT matrix i i stacks the appropriate vector i i,t for all time periods t = 1, . . . , T .
Alternatively one can construct the matrix i i by joining I − 1 identity matrixes of dimension T and a matrix of zeros (from left to right, the matrix of zeros is at the i-th place among the identity matrices in i i ). In a subsequent step, we can replace the vector ∆w with the equation ∆w = Xβ + ε (from the SURE approach).
Joint estimation with a restriction
Now we stack the joint estimation equation and the constraint:
and rearrange,
The last step shows that we can estimate a combined KI × 1-vector β of regression coefficients for each fund category i = 1, . . . , I by using the transformed regression matrix X with dimension (IT +T )×N K. The following example uses the summing-up restriction with respect to fund category I:
Upon close inspection of the resulting matrix X and the vector w we can add the following intuition: 22 We can therefore estimate this using a pooled regression setup (with appropriate correction of standard errors for dependency over time and across fund categories) and can replicate the matrix operations needed to get to X and w by using collapse, merge and append in Stata. Note: For coefficients the stars indicate the p-Value of an F-Test of the sum of the contemporaneous effect of the monetary policy surprise and lags 1 to 4 (* implies p < 0.1, ** implies p < 0.05, *** implies p < 0.01). Note: For coefficients the stars indicate the p-Value of an F-Test of the sum of the contemporaneous effect of the monetary policy surprise and lags 1 to 4 (* implies p < 0.1, ** implies p < 0.05, *** implies p < 0.01).
